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The measurement of gamma rays from the diffuse afterglow of radioactivity originating in massive-
star nucleosynthesis is considered a laboratory for testing models, when specific stellar groups are
investigated, at known distance and with well-constrained stellar population. Regions which have
been exploited for such studies include Cygnus, Carina, Orion, and Scorpius-Centaurus. The Orion
region hosts the Orion OB1 association and its subgroups at about 450 pc distance. We report the
detection of 26Al gamma rays from this region with INTEGRAL/SPI.
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1. Introduction
Measurements of nuclear line emission of cosmic origins enable us to investigate where and how
new interstellar nuclei are produced and released. 26Al radioactivity with its characteristic γ-ray line
at 1808.73 keV and decay time τ of ∼1 Myr shows ongoing nucleosynthesis in our Galaxy, and is
ideal to trace how ejecta are recycled from their nucleosynthesis sources into next-generation stars.
The CGRO mission with the imaging Compton telescope instrument ’COMPTEL’ obtained a sky
map of 26Al γ-ray emission [1, 2]. The Galaxy’s 26Al content as a whole then can be considered as
probably being in a steady state, as many individual and independent sources contribute, and star
formation is uncorrelated among local star forming regions across the Galaxy. But already from the
COMPTEL 26Al image, showing a clumpy structure, it had been concluded that massive star groups
are the dominating 26Al producers in the current Galaxy, and may individually not be in a steady state;
rather, the age of the specific stellar populations would determine the current amount of 26Al in such
a region [3]. Measurements of systematic Doppler shifts of the line with Galactic longitude [4, 5]
had shown that the observed 26Al γ rays originate from sources throughout the Galaxy, including
its distant and otherwise occulted regions at and beyond the inner spiral arms and bulge. Moreover,
the Doppler shifts of the 26Al-line centroid energy were found larger than expected from large-scale
Galactic rotation, and suggested that large cavities around massive star groups play a major role in
guiding ejecta flows from massive-star and supernova nucleosynthesis [6, 7].
The study of 26Al from specific regions first focused on Cygnus [8–10], which stands out as an
individual source region in the COMPTEL 26Al skymap. Population synthesis allowed comparison
of the predicted impacts of massive star groups onto their surroundings, including nucleosynthesis
ejecta, and also kinetic energy from winds and explosions as well as ionising starlight, to observations
in a variety of astronomical windows and tracers of such massive-star action [3]. Detailed population
synthesis and multi-wavelength studies of the Cygnus region [11–13] have been followed by studies
of Carina [14], Orion [15], and Scorpius-Centaurus [16] regions.
1
ar
X
iv
:1
60
9.
08
81
7v
1 
 [a
str
o-
ph
.H
E]
  2
8 S
ep
 20
16
1795 1800 1805 1810 1815 1820
−2
0
2
4
Energy [keV]
F l
u x
 [ 1
0−
5  
p h
 c
m
−
2  
s−
1  
( 1 .
5  k
e V
)− 1
]
χ2 = 39.11 (45 dof)
Detection significance: 3.3σ (LR−test)
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E0 = 1809.16±0.47 keV
FWHM = 3.20 (−0.03/+0.43) keV
C0 = (0.02±0.77)×10−6 ph cm−2 s−1 keV−1
Fig. 1 26Al spectrum from the Orion region, as
measured with SPI on INTEGRAL. Goodness of
fit (through the χ2 value), detection significance,
and line parameters are given in the legend.
The blue/grey/light-grey-shaded regions show the
1σ/2σ/3σ uncertainty range of the Gaussian fit to
the line; the hatched region shows the range of blue
shift that is indicated by this measurement, com-
paring to the laboratory value of 26Al decay at rest
(green dashed line). This suggests that 26Al appears
to stream within the Eridanus cavity from Orion OB1
stars towards the Sun.
2. The Orion region
The Orion region has been a prominent nearby region for the study of massive stars [17]. The
Orion OB1 association and its four identified subgroups [18] originate from a parental molecular
cloud now visible as Orion A and B clouds. A large interstellar cavity, called Eridanus, extends
away from these molecular clouds towards the Sun, and is constrained though X-ray [19] and HI
data [20]. Our recent re-analysis of X-ray emission from this region and its comparison with 3D
hydrodynamical simulations showed that energy injection and cooling of the superbubble interiors
are not in a steady state [21].
COMPTEL data had revealed a weak 26Al γ-ray signal from this region [22], attributed to nu-
cleosynthesis ejecta from one of the Orion OB1 subgroups and its stars; the 26Al γ-ray image from
COMPTEL suggested that 26Al was found offset from the stars of the OB1 association and probably
streaming into the Eridanus cavity. From these multi-wavelength constraints, a population synthesis
analysis was done to predict the 26Al signal in more detail [15]. An INTEGRAL observing program
was then set up, aiming at a confirmation of 26Al γ rays from Orion, with the hope of measuring
kinematic information about the 26Al enriched ejecta through line centroid and width determination.
Data from 13 years of SPI single-detector events, analysed with a high spectral resolution back-
ground method, show the Galactic 26Al line clearly, and demonstrate that instrumental backgrounds
are well suppressed [24] (see Fig. 2). From analysis of almost 6 Ms of data collected in 2013-2015,
the COMPTEL 26Al γ-ray signal from the Orion region now has been confirmed with INTEGRAL
[23] (Fig. 1): the 26Al line emission is detected with a significance of 3.3 σ.
The Eridanus cavity presents a viewing geometry similar to what we propose for massive star
groups in the Galaxy’s spiral arms to explain the large excess above Galactic rotation velocities [5,6].
Fitting a Gaussian line shape to the Orion 26Al γ-ray signal, the line width is found to be compatible
with the instrumental resolution, and it is indicated (hatched region in Fig. 1) that bulk motion may be
directed towards the solar system: A corresponding blue-shift with respect to the laboratory energy
value is expected from the association/cavity geometry [15]. Such a blue shifted 26Al signal sup-
ports the scenario we proposed for 26Al ejecta streaming throughout the Galaxy, being dominated by
transport within superbubbles around the massive-star groups, which extend asymmetrically around
these ejection sites, i.e., they are more elongated towards the leading edges of spiral arms and into the
inter-arm regions.
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Figure 1.1: Spectrum of the inner Galaxy in energy regions 1 and 2 (black
crosses). The background spectrum (gray histogram) in the band is scaled by
1/5. Apart from the line at 1809 keV, all remaining data points are consistent
with an offset gamma-ray continuum. See text for details.
duration of 2164±778 s). The low statistics can be countered by the assump-
tion that the background sources do not change in time. In other words, the
mechanisms that produce instrumental background gamma-rays are the same
throughout the whole mission (cosmic-ray bombardment, followed by excitation
and de-excitation of satellite material) and only change according to the nuclear
physics reaction involved, i.e. change their imprints on the detectors with re-
spect to the excited nuclei. Therefore, the instrumental gamma-ray lines have
to be separated from each other and the instrumental continuum as they origi-
nate in different nuclear reactions and reaction sites. For highest precision, the
integration time should be as high as possible, but the cosmic-ray bombardment
also worsens the detector resolution with time as the charge collection efficiency
is reduced, leading to a distorted spectral Gaussian response function with an
exponential tail towards lower energies. In order to trace the change in spectral
shape, the integration time should be as low as possible.
For energies around the 1.8 MeV line (1790-1840 keV, hereafter region 2)
itself and at higher energies, an integration time of half a year - corresponding
to the time between two annealing phases - is sufficient to provide good detector
patterns per energy bin which serve as the background model. For lower ener-
gies, down to 1745 keV, two major background line complexes, mainly originat-
ing in the decay of 205Bi (1764 keV) and 28Al (1779 keV) provide good enough
3
Fig. 2 The INTEGRAL/SPI γ-ray
spectrum near the line from 26Al decay
in interstellar gas (E=1808.73 keV,
τ=1 Myr), compared to the spectrum
of instrumental background. The 26Al
emission from the sky (red line; fitted
intensities of an adopted spatial distribu-
tion model per 0.5 keV energy bin with
error bars) is well discriminated against
instrumental background with strong
lines at 1764, 1779, and 1810 keV (grey
histogram; flux values scaled by 1/5).
also supported from the Munich cluster of excellence Origin and Evolution of the Universe.
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